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Introduction
During RAN2#115-e meeting, the enhancements to RLF indication and local rerouting were discussed and some agreements were reached as below. In this contribution, we discuss remaining issues on type 2/3 RLF indication, local re-routing, and present our considerations. 

	A configured threshold of available buffer size based on flow control feedback is used to determine the congestion, for the purpose of local re-routing.

For intra-CU cases, Support inter-donor-DU re-routing at least in the scenarios of NR-DC among donor-DUs, inter-donor-DU recovery and inter-donor-DU migration.

Support inter-CU re-routing, i.e. IAB-node re-routes the data to its original donor-CU via the alternative BAP path over the topology in target CU.

For inter-donor-DU re-routing, support the “previous routing ID to new routing ID” BAP header rewriting.


Discussion
Enhancements to RLF indication 
In  RAN2#113-e meeting, the following agreements regarding type-2/3 RLF indication were achieved [1].  
	The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for both: single and dual connection cases.
The trigger for type 3 RLF indication transmission is successful recovery after BH RLF. FFS whether for both: single and dual connection cases.
Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.
Upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment.
If an IAB node with dual parents (via DC) receives type-2 BH RLF indication from one parent, IAB-node may trigger a local re-routing to the other parent. The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS.


As we can see, it was agreed that type 2 RLF indication is triggered at RLF detection and type 3 RLF indication is triggered upon successful recovery after BH RLF for single connection case. However, it is FFS whether the trigger condition is applicable for both single and dual connection cases. And the detail of local re-routing upon type-2 BH RLF indication and whether/how the action on type-2 indication is configurable is FFS. Here we discuss the above FFS issues regarding type-2/3 RLF indication. Figure 1 illustrates an example IAB topology, where IAB node 1 is dual connected with two parent nodes which further connect to the same IAB donor CU. And RLF is detected at IAB node 1 in the backhaul link between IAB node 1 and IAB donor DU1. 
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Figure 1 Illustration of local re-routing upon RLF
Some company proposes that type-2 RLF indication is not triggered upon RLF detection for a dual-connected IAB node considering that local re-routing could be used by the dual-connected IAB node for uplink transmission. As a matter of fact, local re-routing may be only available for some of the uplink traffic at the dual-connected IAB node. For example, only the traffic with BAP routing ID whose alternative egress link could be found could be rerouted. In this situation, type 2 RLF indication need to be generated at the dual connected IAB node upon detection of RLF. Upon receiving  type 2 RLF indication, IAB node regards that RLF is detected in the corresponding backhaul link and may initiate local re-routing. Take Figure 1 for example, only a part of traffic sent from IAB node 2 to IAB node 1 needs to be re-routed at IAB node 2, e.g., traffic on path 2 could  be re-routed at IAB node 1 and traffic on path 3 is not impacted by the BH RLF. As a result, unnecessary local re-routing would be performed if descendant node is not aware of the exact traffic which needs to be rerouted. In order to avoid unnecessary local re-routing, it is suggested that the BAP routing ID(s) of the traffic which needs to be re-routed is informed to descendant nodes. In our view, the BAP routing ID(s) of the traffic which needs to be re-routed could be contained in the type 2 BH RLF indication. 

Proposal 1: In dual-connection case, if local re-routing is not available or available for some of the uplink traffic at the dual-connected IAB node, a type 2 RLF indication needs to be generated and sent to its child IAB node upon detection of RLF or reception of type-2 RLF indication.
Observation 1: Unnecessary local re-routing would be performed if descendant node is not aware of the exact traffic which needs to be rerouted. 
Proposal 2: It is suggested that the BAP routing ID(s) of the traffic which needs to be re-routed is contained in the type 2 BH RLF indication. 

As captured in the chairman notes in RAN2#113-e meeting, The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS. In our understanding, upon local rerouting trigger condition is met, local re-routing could be performed if an alternative egress link could be found in the routing table. On the contrary, local rerouting is not allowed for the corresponding BAP routing ID if alternative egress link cannot be found. In this way, R16 principle could be reused and there’s no need to introduce explicit configuration on type-2 indication based local re-routing. 
Proposal 3: R16 principle could be reused (i.e. local re-routing could be performed if an alternative egress link could be found in the routing table) and there’s no need to introduce explicit configuration on type-2 indication based local re-routing.
With regard to type 3 BH RLF indication, it was agreed in RAN2#113-e meeting that the trigger for type 3 RLF indication transmission is successful recovery after BH RLF and it is FFS whether for both: single and dual connection cases. In our view, if type 2 RLF indication has been sent to child IAB-MT, type 3 RLF indication needs to be transmitted to child IAB-MT after successful recovery of BH RLF so that descendant nodes could know which paths are not suffering RLF any more. Similarly, BAP routing ID of path that has recovered needs to be included in type 3 RLF indication. For descendant nodes, if type 2 RLF indication has been sent to child IAB-MT, type 3 RLF indication needs to be transmitted to child IAB-MT after reception of type 3 RLF indication which includes BAP routing ID that was included in the type 2 RLF indication transmitted to its child IAB-MT. 

Proposal 4: If type 2 RLF indication has been sent to child IAB-MT, type 3 RLF indication needs to be transmitted to child IAB-MT after successful recovery of BH RLF so that descendant nodes could know which paths are not suffering RLF any more. 

Proposal 5: BAP routing ID of path that has recovered needs to be included in type 3 RLF indication. 

Proposal 6: For descendant nodes, if type 2 RLF indication has been sent to child IAB-MT, type 3 RLF indication needs to be transmitted to child IAB-MT after reception of type 3 RLF indication which includes BAP routing ID that was included in the type 2 RLF indication transmitted to its child IAB-MT. 
Local rerouting
Inter-donor DU re-routing
In Rel-16, intra-donor DU packet local re-routing during RLF is specified. As specified in TS 38.300, in case the BH link encounters RLF, the IAB-node may select another egress link with the same destination BAP address based on the configured routing table, i.e., by disregarding the BAP path ID. In this manner, a packet can be delivered via an alternative path in case the indicated path is not available. As agreed in RAN2#113e meeting, RAN2 considers inter-donor-DU local rerouting to be in scope. And as agreed in RAN2#114e meeting, it was assume that the IAB-donor will configure (alternative) egress links that can be used at local re-routing (at least with same destination, FFS same routing ID). Some companies proposed that alternative egress link with the same BAP routing ID could be configured by IAB-donor. In our view, assuming that alternative egress link is configured with the same BAP routing ID, IAB node may be confused and has no idea which egress link should be selected. As a result, we prefer that the R16 principle is reused for inter-donor-DU local rerouting in R17, upon local re-routing trigger condition is met, local re-routing could be performed if an alternative egress link for the destination BAP address could be found in the routing table. i.e. alternative egress link with the same destination BAP address could be configured by IAB-donor. 
Proposal 7: Alternative egress link is not configured with the same routing ID. The same R16 principle is reused for inter-donor-DU local rerouting in R17, i.e. alternative egress link with the same destination BAP address is configured by IAB-donor. 
Local re-routing based on flow control feedback
During RAN2#114-e meeting, it was agreed that local re-routing based on flow control feedback is allowed based on certain value of available buffer size. And it was agreed in RAN2#115-e meeting that a configured threshold of available buffer size based on flow control feedback is used to determine the congestion, for the purpose of local re-routing. That means donor CU needs to configure the available buffer size threshold to IAB node. Only when IAB node detects the available buffer size received in the flow control feedback is equal to or smaller than the configured threshold, the downlink local re-routing could be triggered. 

Proposal 8: Upon receiving the flow control feedback info, IAB node may trigger the packet local re-routing if the available buffer size received in the flow control feedback is equal to or smaller than the configured threshold. 
On the other hand, It should be noted that if all the traffic traverse the congested path are re-routed to the backup path, the backup path may become congested and the data packets traverse the backup path may need to be re-routed again. To avoid this ping-pong problem, it is necessary to consider which traffic should be re-routed to keep network load balance. As we know, the flow control feedback may be reported per BAP routing ID or per BH RLC channel ID. Upon receiving the flow control feedback info, IAB node may only trigger the re-routing of packet associated with the indicated BAP routing ID or BH RLC channel. Also IAB node may select to re-route the packet which has higher priority or lower remaining PDB. Furthermore, donor CU may configure the IAB node/donor DU with re-routing probability value. Suppose the re-routing probability value is configured per BH RLC channel and IAB node/donor DU decides to re-routed the data packet of specific BH RLC channel, the IAB node/donor DU could determine which packets are to be re-routed based on the re-routing probability value to ensure that the proportion of data packets re-routed of the corresponding BH RLC channel should be less than the configured re-routing probability. 

Observation 2: Upon local re-routing based on congestion is triggered, it is necessary to consider which packets should be re-routed to keep network load balance.

Proposal 9: IAB node may only trigger the re-routing for packets associated with the BAP routing ID or BH RLC channel indicated in the flow control feedback. 

Proposal 10: A re-routing probability value could be configured by donor CU to IAB node/donor DU to assist to determine  which packets in the specific BH RLC channel are to be re-routed. 
Conclusion
In this contribution, we discussed remaining issues on type 2/3 RLF indication and local re-routing. The following observations and proposals have been provided:

Observation 1: Unnecessary local re-routing would be performed if descendant node is not aware of the exact traffic which needs to be rerouted. 

Observation 2: Upon local re-routing based on congestion is triggered, it is necessary to consider which packets should be re-routed to keep network load balance.

Proposal 1: In dual-connection case, if local re-routing is not available or available for some of the uplink traffic at the dual-connected IAB node, a type 2 RLF indication needs to be generated and sent to its child IAB node upon detection of RLF or reception of type-2 RLF indication.
Proposal 2: It is suggested that the BAP routing ID(s) of the traffic which needs to be re-routed is contained in the type 2 BH RLF indication. 

Proposal 3: R16 principle could be reused (i.e. local re-routing could be performed if an alternative egress link could be found in the routing table) and there’s no need to introduce explicit configuration on type-2 indication based local re-routing.
Proposal 4: If type 2 RLF indication has been sent to child IAB-MT, type 3 RLF indication needs to be transmitted to child IAB-MT after successful recovery of BH RLF so that descendant nodes could know which paths are not suffering RLF any more. 

Proposal 5: BAP routing ID of path that has recovered needs to be included in type 3 RLF indication. 

Proposal 6: For descendant nodes, if type 2 RLF indication has been sent to child IAB-MT, type 3 RLF indication needs to be transmitted to child IAB-MT after reception of type 3 RLF indication which includes BAP routing ID that was included in the type 2 RLF indication transmitted to its child IAB-MT. 
Proposal 7: Alternative egress link is not configured with the same routing ID. The same R16 principle is reused for inter-donor-DU local rerouting in R17, i.e. alternative egress link with the same destination BAP address is configured by IAB-donor. 
Proposal 8: Upon receiving the flow control feedback info, IAB node may trigger the packet local re-routing if the available buffer size received in the flow control feedback is equal to or smaller than the configured threshold. 
Proposal 9: IAB node may only trigger the re-routing for packets associated with the BAP routing ID or BH RLC channel indicated in the flow control feedback. 

Proposal 10: A re-routing probability value could be configured by donor CU to IAB node/donor DU to assist to determine  which packets in the specific BH RLC channel are to be re-routed. 
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